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(54) Balloon catheter 

(57) A balloon catheter capable of expanding a nar- 
rowed site of a blood vessel in the vicinity of a curved 
part of the blood vessel, and of easily adapting the 
shape of the balloon to the shape of the curved part of 
the blood vessel. The balloon has a shape with a curved 
part, and the outer portion of the curved part (the shaded 
area) formed so as to have a smaller film thickness as 
compared with the remaining portion of the balloon is 



stretched by an amount larger than the remaining por- 
tion of the balloon. The difference in stretch amount be- 
tween the outer portion of the curved part of the balloon 
and the remaining portion of the balloon becomes larger 
as the internal pressure of the balloon Is increased. Ac- 
cordingly, the extent of curve of the balloon can be con- 
trolled arbitrarily by controlling the Internal pressure of 
the balloon. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[00011 106 present invention relates to a balloon cath- 
eter, 

(2) Background Art 

[0002] Conventional balloon catheters used in PTA 
(Percutaneous Transluminal Angioplasty) include a type 
of balloon catheter having a straight-shaped balloon 
when inflated and another type of balloon catheter hav- 
ing a slightly curved balloon when inflated. 
[0003] By using one of these balloon catheters, angi- 
oplasty can be performed on a narrowed site of a 
straight or a slightly curved blood vessel. 
[0004] However, there has been a problem that ap- 
propriate angioplasty cannot be performed using such 
"a conventional balloon catheter when a narrowed site is 
within a largely curved part of a blood vessel. 
[0005] For instance, a blood vessel in the shunt area 
of a patient being dialyzed, which is quite largely curved 
in many cases, often develops a stenosis (i.e. a nar- 
rowed site). When a straight-shaped balloon as men- 
tioned above is to be inflated in such a curved part of 
the blood vessel, the balloon sometimes bends in the 
middle thereof or develops wrinkles or slack- Once the 
straight-shaped balloon has bent or developed wrinkles 
or slack, H is difficult to sufficiently inflate the balloon, 
with the result that appropriate angioplasty often cannot 
be performed on the narrowed site. 
[0006] And it is worried that forcibly expanding the 
blood vessel in the shunt area using a straight-shaped 
balloon may cause an excessive deformation and 
stretch of the curved blood vessel, which could lead to 
damage of the blood vessel. Specifically, even if the 
whole balloon can be inflated, the balloon after being 
Inflated has only a given shape and cannot be curved 
Into a different shape. Accordingly, when how the bal- 
loon is curved is not exactly the same as how the blood 
vessel Is curved, the top end of the balloon is pressed 
against the blood vessel wall as the balloon is inflated, 
which could lead to damage of the blood vessel wall, 
and furthermore, to undesirable stretch of the curved 
blood vessel. *■ 

[0007] An object of the present Invention, which has 
been made to solve the above problems, is to provide 
a balloon catheter capable of expanding a narrowed site 
of a blood vessel in the vicinity of a curved part of the 
blood vessel, and of easily adapting the shape of the 
balloon to the shape of the curved part of the blood ves- 
sel. 



SUMMARY OF THE INVENTION 

[0008] The above and other objects are attained by a 
balloon catheter which comprises a long shaft having 

6 an internal hollow and a balloon provided at the distal 
end of the shaft, the balloon being inflated/deflated in 
accordance with the pressure of the fluid supplied to the 
inside of the balloon through the internal hollow of the 
shaft, wherein- the shape of the balloon when inflated 

10 has a curved part between the proximal end and the dis- 
tal end of the balloon, and the extent of curve in the 
curved part becomes larger as the internal pressure of 
the balloon is Increased. 

[0009] The location of the curved part of the balloon 
is is not restrict'rvely limited, but preferably is doser to the 
distal end from the center of the balloon. The curved part 
is designed such that the maximum angle of the curved 
part when the maximum curve of the balloon is obtained 
matches the curve angle of the target blood vessel. For 
20 instance, the maximum angle of the curved part (i.e. the 
angle formed by the two balloon parts extending respec- 
tively toward both ends of the balloon from the curved 
part) may be almost 0 degree for a blood vessel which 
is bent as if folded back. On the contrary, the maximum 
25 angle of the curved part may be almost 180 degrees, for 
example 170 degrees, for a blood vessel which is only 
slightly curved. 

[0010] According to the balloon catheter constituted 
as above, the shape of the balloon when inflated has a 
30 curved part between the proximal end and the distal end 
of the balloon, which allows the balloon to be inflated at 
a proper indwelling position even in a largely curved 
blood vessel without forcibly bending the balloon. 
[0011] Also, since the balloon is designed such that 
35 the extent of curve in the curved part of the balloon be- 
comes larger as the internal pressure of the balloon is 
increased, it is possible to change the curvature of the 
balloon so as to adapt the shape of the balloon to the 
shape of the curved part of the blood vessel by contral- 
to ling the internal pressure of the balloon depending on 
how the blood vessel is curved. 
[0012] Accordingly, It is possible to appropriately in- 
flate the entire balloon instead of bending the balloon in 
the middle thereof or developing wrinkles or slack in the 
45 balloon, and thereby to perform appropriate angioplasty 
on a narrowed site. More particularly, unlike the case 
with a balloon having only a given shape after being In- 
flated, It is possible to prevent the top end of the balloon 
from being pressed against the blood vessel wall by con- 
so trolling the internal pressure of the balloon, thereby 
changing how to curve the balloon. Thus, damage to the 
blood vessel wall or undesirable stretch of the curved 
blood vessel can be avoided. 

[0013] In the present balloon catheter, the balloon i3 
55 designed such that a larger curve of the curved part of 
the balloon is obtained as the internal pressure is In- 
creased. In a particular example to achieve this, the out- 
er portion of the curved part is made more stretchable 
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as the Internal pressure is increased than the inner por- 
tion of the curved part, and the difference in stretch 
amount between the outer portion and the inner portion 
of the curved part becomes larger as the internal pres- 
sure of the balloon is increased, whereby the extent of 
curve In the curved part becomes larger. 
[0014] To make the outer portion of the curved part 
more stretchable as the internal pressure of the balloon 
is increased than the inner, portion of the curved part, for 
instance, the film thickness of the outer portion of the 
curved part is made smaller than the film thickness of 
the inner portion. 

[001 5] It may be possible to form a balloon having an 
uneven film thickness from the beginning, or to form a 
balloon having an even film thickness by means of the 
primary process and make the film thickness uneven by 
means of the secondary process. The secondary proc- 
ess Is , for instance, while softening a part of or the entire 
balloon with heat, stretching a part of the balloon under 
pressure, so that a partially thin balloon can be obtained. 
Alternatively, a partially thick balloon can be obtained by 
bonding or thermal welding a film on a part of the bal- 
loon. 

[0016] - Partially changing the thickness of the balloon 
is a mere means for making the outer portion of the 
curved part more stretchable as the internal pressure is 
increased than the inner portion of the curved part, but 
is not always necessary. 

[0017] It is possible to form the outer portion of the 
curved part with a material more stretchable than the 
material of the inner portion of the curved part, so that 
the outer portion may be more stretchable as the internal 
pressure of the balloon is increased. In other words, 
even when the film thickness Is even over the entire bal- 
loon, the outer portion and the inner portion of the curved 
part may be made drfferent in stretchability by locally 
changing the material thatformsthe balloon, or by bond- 
ing or thermal welding two kinds of films different in elas- 
ticity to a part of the balloon. The balloon may be curved 
as the result of being inflated, regardless of whether the 
film thickness is even or not over the entire balloon, due 
to the fact that different materials are used for the outer 
and Inner portions. 

[0018] Preferable materials for forming the outer por- 
tion of the curved part are, for example, polyamide. pol- 
yethylene, polyurethane and thermoplastic elastomer. 
Preferable materials for forming the inner portion of the 
curved part are, for example, polyamide. polyethylene 
and polyethylene terephthalate. By combining the 
above materials, a balloon is formed to have film thick- 
nesses of 20 to 40 ]im in both the inner and outer por- 
tions of the curved part. The same kind of plastic (for 
example combining these materials) may be employed 
to obtain a curved balloon because the elasticity of the 
same kind of plastic can vary depending on the degree 
of crystallinity and orientation, while different kinds of 
plastics may also be employed. 
[001 d] Various kinds of materials different in stretch- 



ability, that is. some materials different in stretchability 
due to the difference in molecular structure and other 
materials different in stretchability due to the difference 
in degree of crystallinity may be arbitrarily employed. Al- 

5 tematlvely. materials different in flexural modulus may 
be employed. For instance, when the outer portion of 
the curved part is made of a plastic material having a 
flexural modulus of 90-500 MPa and the inner portion of 
the curved part is made of a plastic material having a 

10 flexural modulus of 900-1 500MPa, the difference in flex- 
ural modulus causes the balloon to be curved as the in- 
ternal pressure is increased- 

[0020] Furthermore, In the above described balloon 
catheter, a core material which Is less stretchable but 

15 more flexible than the balloon may be provided inside 
the balloon, with the balloon fixed to the core material 
in the vicinity of both ends of the balloon. 
[0021] This structure allows the core material to pre- 
vent the inner portion of the curved part from being 

20 stretched when the balloon is inflated. 

[00221 In this case, if the core material is a tube having 
an internal hollow able to be used as a guidewire inser- 
tion lumen, and the balloon is fixed to the outer periphery 
surface of the tube in the vicinity of both ends of the bal- 

25 loonjnsertion/pullingoftheballooncathetercanbeper- 
formed using a known guidewire. 
[0023] As described above, according to a balloon 
catheter having the features of the present invention. It 
is possible to control the extent of curve by controlling 

30 the pressure of the fluid to be introduced into the balloon, 
so that a blood vessel is prevented from being curved 
excessively. 

[0024] Also, the balloon can be designed so as to al- 
most follow the original curve of the blood vessel by op- 

35 timizing the properties of the material and the features 
of the structure of the balloon. 
[0025] Further, In the balloon catheter according to 
the present invention, the balloon itself is curved to ap- 
propriately transmit the pressure to the blood vessel wall 

40 without deforming or stretching the curved blood vessel, 
and the top of the balloon stays inside the blood vessel 
due to its curve or a side surface of the top of the balloon 
merely contacts the blood vessel wall with planar (par r 
allel) contact surfaces therebetween without damaging 

45 the blood vessel wall, unlike the case of expanding a 
curved blood vessel using a straight-shaped balloon by 
which the blood vessel is deformed or stretched linearly 
and, therefore, it Is necessary to be careful to prevent 
damage to the blood vessel due to the 

so [0026] The balloon can be curved so that its extent or 
curvature matches the extent of curvature of the vessel. 
It is possible that; depending on the internal pressure 
increase, the balloon may be curved to a larger extent 
than the initial extent of curvature of the blood vessel, 

55 so that the balloon farther curves the vessel. Even in 
this case, the top of the balloon stays inside the blood 
vessel due to its curve or a side surface of the top of the 
balloon merely contacts the blood vessel wall with pla- 



PAGE 9f18 * RCVD AT 7/20/2005 4:26:02 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/41 * DNIS:2738300 * CSID:952 563 3009 * DURATION (mm-ss):06-32 



07/20/05 15:35 FAX 952 583 3009 ©010/018 



5 

nar (parallel) contact surfaces therebetween. Thus, 
somewhat excessive curve of the balloon would not lead 
to damage to the blood vessel wall or any clinical prob- 
lems due to overly curving the blood vessel- 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] A preferred embodiment of the present Inven- 
tion will be described hereinafter with reference to the 
drawings, in which: 

FIG. 1 is a side view of a balloon catheter according 
to the preferred embodiment of the invention; 
FIGS. 2A to 2C are explanatory views illustrating 
the curve angle of the balloon in accordance with 
the internal pressure of the balloon: and 
FIGS. 3Aand 3B are explanatory views showing an- 
other example of the arrangement of an expandable 
portion and a less expandable portion of the bal- 
loon. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0028] A balloon catheter 1 shown in Fig. 1 comprises 
a long shaft 3 with an internal hollow, a balloon 5 pro- 
vided at the distal end of the shaft 3 and a connector 7 
provided at the proximal end of the shaft 3. 
[0029] The shaft 3 is a double pipe constituted by in- 
serting an inner pipe 13 into the Internal hollow of an 
outer pipe 11 . The outer pipe 11 is a tube material made 
of polyamide, polyethylene, polyimlde, polyetherether- 
ketone, polyethylene terephthalate, polyurethane or 
polypropylene. The inner pipe 13 is a tube material 
made of polyamide, polyethylene, polyimide, poly- 
©theretherketone, polyethylene terephthalate, poly- 
urethane. polypropylene or fluoroplastic. The distal end 
of the outer pipe 11 is connected to the proximal end of 
the balloon 5. and the internal hollow of the outer tube 
11 communicates with the inside of the balloon 5- The 
inner pipe 13 extends toward the distal direction further 
than the connection between the outer pipe 11 and the 
balloon 5, and passes through the inside of the balloon 
5. The distal end of the balloon 5 Is connected to the 
outer peripheral surface, of the distal end of the Inner 
pipe 13. In the vicinity of the connection between the 
outer pipe 11 and the balloon 5, the inner peripheral sur- 
face of the outer pipe 1 1 and the outer peripheral surface 
of the inner pipe 13 are connected (Point A in FIG. 1) 
with each other in order to prevent the outer pipe 1 1 and 
the inner pipe 13 from being relatively shifted in the axial 
direction. 

[0030] The balloon 5 is a hollow body formed by a film 
of polyamide, polyethylene, polyurethane, thermoplas- 
tic elastomer or polyethylene terephthalate, and is inflat- 
ed or deflated in accordance with the pressure of the 
fluid supplied to the inside of the balloon 5. As shown in 
FIG. 1, the balloon 6. when inflated, has a shape having 
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a curved part between the proximal end and the distal 
end of the balloon 5. The curved part of the balloon 5 is 
positioned closer to the distal end from the center of the 
balloon 5, and the outer portion of the curved part (the 

5 shaded area In FIG- 1 in the present embodiment) is 
formed so as to have a smaller film thickness as com- 
pared with the remaining portion of the balloon 5 by 
means of heat treatment and pressure treatment 
[0031] The connector 7. which is a member used for 

10 connecting the balloon catheter 1 and a supply source 
of pressure fluid (not shown), is provided with a pressure 
fluid supply port 15 and a guidewire Insertion port 17. 
Respective proximal ends of the outer pipe 11 and the 
inner pipe 13 are connected to the connector 7- The 

is space (hereinafter also referred to as the "first lumen 
21") between the inner periphery of the outer pipe 11 
and the outer periphery of the inner pipe 13 communi- 
cates with the pressure fluid supply port 15 of the con- 
nector 7, and the internal hollow (hereinafter also re- 

20 forred to as the "second lumen 22") of the inner pipe 13 
communicates with the guidewire insertion port 17 of the 
connector 7. 

[0032] In the vicinity of the both ends of the balloon 5, 
metal markers 25 are mounted around the outer periph- 

25 ery of the inner pipe 13. 

[0033] In the balloon catheter 1 constituted as above, 
when the pressure fluid is supplied through the pressure 
fluid supply port 15 of the connector 7. the pressure fluid 
is introduced to the inside of the balloon 5 through the 

30 internal hollow of the shaft 3 (the first lumen 21) and the 
balloon 5 is inflated, while when the pressure fluid Inside 
the balloon 5 is drained, the balloon 5 is deflated. 
[0034] When the balloon 5 is inflated, while the film 
forming the balloon 5 is somewhat stretched, the outer 

35 portion of the curved part of the balloon 5 (the shaded 
area in FIG. 1 In the present embodiment), which is 
formed so as to have a smaller film thickness as com- 
pared with the remaining portion of the balloon 5, is 
stretched by an amount larger than the remaining por- 

40 tion of the balloon 5. The difference In the stretch 
amount between the outer portion of the curved part of 
the balloon 5 and the remaining portion of the balloon 
becomes larger as the internal pressure of the balloon 
5 Is increased. 

45 [0035] The inner pipe 1 3 disposed in the inside of the 
balloon 5 Is flexible but less stretchable than the balloon 
5, and the balloon 5 is fixed to the inner pipe 13 in the 
vicinity of the both ends of the balloon 5. Accordingly, 
the inner pipe 1 3 restrains the whole balloon 5 (particu- 

50 larty the inner portion of the curved part) from being 
stretched. 

[0036] As a result, In the present balloon catheter 1 . 
when the internal pressure of the balloon 5 is, for in- 
stance, approximately 5 atm., the balloon 5 is curved to 
55 the extent shown in FIG. 2A. When the internal pressure 
of the balloon 5 is increased up to approximately 10 
atm„ the balloon 5 Is curved to the extent shown in FIG. 
2B. When the internal pressure of the balloon 5 is further 
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increased up to approximately 15 atm., the balloon 5 is 
curved to the extent shown in FIG. 2C. In other words, 
as the internal pressure of the balloon 5 is increased, 
the extent of curve In the curved part becomes larger 
Therefore, the extent of curve of the balloon 5 can be 
controlled arbitrarily by controlling the Internal pressure 
of the balloon 5. In this connection, the angle of the 
curved part of the balloon 5 becomes slightly less than 
100 degrees when the maximum curve is obtained in 
the curved part (see FIG. 2C). 
[00371 According to the balloon catheter 1 as de- 
scribed above, the shape of the balloon 5 when Inflated 
has a curved part between the proximal end and the dis- 
tal end of the balloon 5, which allows the balloon 5 to 
indwell at a proper indwelling position even in a largely 
curved blood vessel without forcibly bending the balloon 
5. 

[0038] Also, since the balloon 5 is designed such that 
the extent of curve in the curved part of the balloon 5 
becomes larger as the internal pressure of the balloon 
5 is increased, it is possible to change how to curve the 
balloon 5 thereby to adapt the shape of the balloon to 
the shape of the curved part of the blood vessel by con- 
trolling the Internal pressure of the balloon 5 depending 
on how the blood vessel is curved. 
[0039] Accordingly, it is possible to appropriately in- 
flate the whole balloon 5 to perform appropriate angi- 
oplasty on a narrowed site. More particularly, unlike the 
case with a balloon having only a given shape after be- 
ing Inflated, it is possible to prevent the top end of the 
balloon 5 from being pressed against the blood vessel 
wall by controlling the internal pressure of the balloon 5 
and thereby changing how to curve the balloon 5, Thus, 
damage to the blood vessel wall or undesirable stretch 
of the curved blood vessel can be avoided. 
[0040] Although the present invention has been de- 
scribed with respect to a preferred embodiment, the 
present invention should not be limited to the embodi- 
ment and can be embodied in various forms. 
[0041] For example, although the film thickness of the 
outer portion of the curved part is made smaller by 
means of heat treatment and pressure treatment so as 
to allow a larger curve of the curved part of the balloon 
5 as the Internal pressure is increased, another method 
for obtaining a curve in accordance with the internal 
pressure may be employed. Specifically, it may be pos- 
sible that a balloon as a base has a small thickness so 
as to be relatively stretch able, and a less stretchable 
film is bonded or thermal welded to the inner portion of 
the curve part, so that the stretch amount can be differ- 
ent between In the inner portion and in the outer portion 
of the curved part when the internal pressure of the bal- 
loon is increased. 

[0042] While the balloon 5 in the above described em- 
bodiment has a stretchable portion indicated by the 
shaded area In FIG. 1, the positional relation between 
a stretchable portion and a less stretchable portion may 
be appropriately adjusted depending on a variety of con- 
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ditions. such as the extent of how the balloon should be 
curved and the pressure of the fluid to be introduced into 
the balloon. It may be possible, for instance, to employ 
a balloon 31 as shown in FIG. 3A in which a half part 33 
5 (indicated by the shaded are in FIG. 3A) of the inner por- 
tion, when the balloon 31 is curved, is formed by a less 
stretchable film (e.g. a film of plastic material having a 
flexural modulus of 900-1 SOQMPa), and the other half 
part 35 (indicated by the non-shaded are in FIG. 3A) is 
10 formed by a stretchable film (e.g. a film of plastic mate- 
rial having a flexural modulus of 90-500 MPa). 
[0043] Alternatively, it may be possible to employ a 
balloon 41 as shown in FIG. 3B in which a region 43 
(Indicated by the shaded are in FIG. 36) provided line- 
15 arty as part of the balloon 41 is formed by a less stretch- 
able material compared with the remaining region 45 (in- 
dicated by the non-shaded are in FIG. 3B). 



1 . A balloon catheter comprising: 

a long shaft (3) having an internal hollow (21); 

25 and 

a balloon (5. 31. 41) provided at the distal end 
of the shaft, 

the balloon being inflated/deflated in ac- 
cordance with the pressure of the fluid supplied 

so to the inside of the balloon through the internal 

hollow of the shaft, 

characterized in that the shape of the bal- 
loon when inflated has a curved part between the 
35 proximal end and the distal end of the balloon, and 
the extent of curve in the curved part becomes larg- 
er as the internal pressure of the balloon is in- 
creased, 

40 2. The balloon catheter according to claim 1 , wherein 
the outer portion of the curved part is formed so as 
to be more stretchable as the internal pressure is 
increased than the inner portion of the curved part, 
and wherein the difference in stretch amount be- 

45 tween the outer portion and the inner portion of the 
curved part becomes larger as the internal pressure 
of the balloon is increased, whereby the extent of 
curve in the curved part becomes larger. 

50 3, The balloon catheter according to claim 2, wherein 
the outer portion of the curved part has a smaller 
film thickness than the inner portion of the curved 
part so as to be more stretchable as the Internal 
pressure of the balloon is increased. 

55 

4. The balloon catheter according to claim 2, wherein 
the outer portion of the curved part is formed of a 
more stretchable material than the material of the 
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inner portion of the curved part so as to be more 
stretchable as the internal pressure of the balloon 
is Increased. 

5- The balloon catheter according to claim 4, wherein 5 
the outer portion of the curved part is made of a 
plastic material having a flexural modulus of 
90-5Q0MPa and the inner portion of the curved part 
is made of a plastic material having a flexural mod- 
ulus of 900-1 500M Pa. 10 



6. The balloon catheter according to claim 6, wherein 
a core material which is less $tretchab!e but more 
flexible than the baljoon is provided inside the bal- 
loon, and wherein the balloon is fixed to the core *5 
material in the vicinity of both ends of the balloon. 

7. The balloon catheter according to claim 6, wherein 
the core material comprises a tube provided with an 
internal hollow able to be used as a guidewire in- 20 
sertion lumen, and wherein the balloon is fixed to 
the outer periphery surface of the tube in the vicinity 

of both ends of the balloon. 
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FIG.2A 
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FIG- 3A 
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